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- Overview of NI myRIO

- Introduction to LabVIEW

- Introduction to LabVIEW Real-Time

- LabVIEW Programming Interfaces
- Introduction to LabVIEW FPGA

¢¥ - Resources and Next Steps
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Overview of NI myRIO
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Controls Mechatronics

Embedded
Systems

Robotics
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NI myRIO

Feature Rich J
Protective Casing J
Ecosystem J Board-Only

Optimized for Cost
* No Wi-Fi
* No myDAQ connector

Integrate into a Larger Project J
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NI myRIO Product Overview: Front View
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NIEmyRIO

XILINX Zyng SoC
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What is Zyng?

Traditiondl IMmplegnentation

Analogue Input
AXI Bus Analogue Output
Processor FPGA
Digital /0
Custom I/O

Single System on Chip
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ni.com

667 MHz Dual-Core ARM Cortex-A9 processor
28K Logic Cells (Artix-7)

80 DSP slices, 16 DMA channels

92 Billion calculations per second
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Why Zyng Matters in Education

Smaller Size, Lower Power

667 MHz Dual-Core ARM Cortex-
A9 Processor

Tow e

*Artix-7 FPGA, 28k logic cells
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Why Zyng Really Matters in Education
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echnology

The same technology Is used In
our latest industry and research

act RIO systems
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CompactRIO Applications

Controlling a Robotic Manipulator for Nuclear Decommmissioning

Tuning Aston Martin Engines for Endurance Races

Plasma control in the world's first bench top Tokamak
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CompactRIO Applications

: Controlling 70-Ton Robotic Gripper Arms for Offshore Wind
Turbine Construction

== | Measuring Biomechanical Stresses in Rugby Scrummaging

Control and Monitor Community Generation Sources in
Canada’s Smart Grid
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NI myRIO Product Overview: Front View
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NIEmyRIO

User Defined LEDs
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Back View

; Built-in Accelerometer

Mounting Holes

Getting Started
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Top View

Connection to PC
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USB Port Power

NATIONAL
ni.com 16 INSTRUMENTS




NI myRIO Expansion Port (MXP) 5

NI Multisim

ldentical Connectors

4 Al MXP A MXP B

6 DIO 2 AO 1 UART

1 SPI

1 Quad Encoder

112C
3 PWMs
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NI miniSystems Port (MSP)

NI Multisim
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Introduction to NI LabVIE
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Graphical System Design

A platform-based approach for measurement and control

| |

Monitoring l Embedded ﬂ I Control

\ A e L i/
‘ [\ VW-e— ‘ ff(x)dx !\—‘

— — — I

Deployable Commercial Models of
Targets Technology Computation

' PXI and Modular
Instruments

| Desktops and i

Rentons [ NI CompactDAQ ‘,

’ NI CompactRIO ‘
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T3 Untitled 1 Block Diagram on Untitled Project 1/My Computer *

File Edit View Project Operate Tools Window Help

s B OE|L;;||IE’ + |15ptAppIication Font |~ ||E,;.v "T]E'H@'”%"‘k |@ =

ACQUIRE ANALYZE PRESENT
A2 G
. r Spectral Report
DAQ Assistant Measurements -
- Signal 1
data Signals 7
W — FFT - (RM5) *

Waveform Graph Power Spectrum

Untitled Project 1/My Computer <

NATIONAL
ni.com 21 INSTRUMENTS




LabVIEW Getting Started \Window

ni.com

22

{3 LabVIEW | =)
File Operate Tools Help
N . = N + v —
@ Create Project | @ Open Existing
‘ Show | All v | 2
myRIO Project seurat control fpga lvproj
Stuff and Things Ivproj
Boolean Edge Detector.vi
Intemal Counter.vi
Intemal Counter Direction.ctl
Doesnt Matter lviib
tonoeciest vi L4
' Set Up and Explore w» Do a Project | % Get Support
Set up and leam how to use NI myRIO! T See examples and get inspired! T Geatanswersto your questions!
| B LabVIEW News I Introducing the LabVIEW Intro iPad App for Beginners
NATIONAL

INSTRUMENTS




LabVIEW Getting Started \Window

k| Set Up and Explore k'| Do a Project k' Get Support

Set up and leam how to use NI myRIO! " See examples and get inspired! Get answers to your guestions!

£ LabVIEW Mews | Announcing the 2012 LabVIEW Champien Inductees

Additional support, tutorials, and explanations can all
be found using the links here. These are specifically
taillored to NI myRIO users.

13 Labview o] L) Sl
| File Operste  Tools Melp
E2 LabVIEW myRIO (
|
( [n Greate Project ( I', Dpen Existing
Show | A
' Sot Up and Kxplore ' Do a Project 0 Gat Support
it up and beam how to use Nl my X)) Son exnmoins and QM reew e

b
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Create a Project

- Click the Create Project

button
- Select Blank Project. f‘i';“::':::;m..,...m - T
- Click Finish. =
- To save the project: g e
- File >> Save e"’:mw
- Select the desired directory i
and choose a meaningful e
name. T e
- Remember, two LabVIEW
projects cannot share the
same directory.
NATIONAL
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Project Explorer

.‘.

- FInd, access, and organize [ amyso projectipro - Project xplorer (== X ]

. . File Edit View Project Operate Tocols Window Help
project files
Items | Files

. Project: AmyRIO Project.vproj
E} B My Computer
[;_.I Project Documentation

- Deploy or download files | L& Buid Specicstions

= q ryRIC-1900 (0.0.0.0) [Unconfigured IP Address]
'to 'ta rg ets 5§ Chassis (myRIO-1900)
=- & FPGA Target (RIO0, myRIO-1900)
G- Audio
& [J CennectorA
L_.I ConnectorB
& [J CennectorC

- Manage code for build ¢ oweraio
. Sub VIs
options

- ¥B 40 MHz Onboard Clock
[l myRIO-1900 Customized FPGA.vi

- Executables, installers, and B - B Buld Specifications
le flleS +"+"':. Build Specifications
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Parts of a VI

Vls have three main components:

{3 add&sub.vi Front Panel

File E&iﬁ View 7Eroject 'Qperate 7Ioorlrs

windbw Heip
[ [®] /@[ ][ 15pt Application Font |« | $= |[a~ [ -4 [ 2]

m

s
|

Front panel

ni.com

Icon/Connector pane

{3 add&sub.vi Block Diagram BlOCk d|agram |
File Edit View Project Operate Tools Window Help B
P @] m D D q 3 ISpt Application Font |~ ]L& l ? B>

A Add A+B
| DBl Y . : D " B v
B Subtract A-B
@ o
i | »
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Parts of a VI

Front Panel -

— Front Panel

User interface for the VI

The front panel is
constructed using
controls (inputs)
and indicators
(outputs).

ni.com
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Parts of a VI — Block Diagram

Block Diagram — Contains the

graphical source code

Front panel object
appear as
terminals on the
block diagram.

This I1s where

“programming” IS
done in LabVIEW.

ni.com

ﬂ Using Temperature.vi Block Disgram

file Edt View Project Operate Tools Window Help

Number of Measurements

ey
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A

Thermometer (Demo).vi
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Wait Until Next ms Multiple

)

Temperature Chart
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Creating a LabVIEW Application
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Introduction to LabVIE
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Real-Time
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\VWhat is Real-Time?

- Rea
- Rea
- Rea

-time does not always mean real fast
-time means absolute reliability
-time systems have timing constraints that

must be met to avoid failure

- Determinism is the timing reliability of the
system

ni.com
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Critical Applications to Consider

Event Response Closed-Loop Control Critical Tests

NATIONAL
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When General Purpose OSs Fall Short

- Design for fairness and user responsiveness vs.
strictly prioritizing tasks

- Focus on multitasking instead of maximum reliability /
uptime

- Not the result of bad products, only certain design
goals

NATIONAL
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Key Careabouts for Critical Applications

- Jitter: execution time variability of a given operation or

application

Mean = 2.03 ms \

Execution
Time (ms)

ni.com

N

1.9

2.1

2.8

1.3

2.1 I

Iterations

36
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Key Careabouts for Critical Applications

- Determinism: a condition that is met if an operation or
application has bounded jitter

Mean = 2.03 ms \

Execution
Time (ms)

ni.com
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Running Real-Time Code — Modes

- "Real-Time Code” typically refers to VI's running on a
target that are at processor level (non-FPGA).

- RT code can be run in two modes.
- Stand-alone
- Interactive Front Panel Mode

- In both modes, the code is deployed to the target (NI
myRIO) and is running on the NI myRIO processor.

{7 NATIONAL
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NI myRIO Express Vls - Overview

- Express Vs are special Vls that allow the user to configure their settings
when placed on the block diagram.
- This avoids having to wire controls/constants to terminals taking up time and
block diagram space.

- NI myRIO has a palette of express VI that can be found by right-clicking on
the block diagram and navigating to myRIO.

myRIO
| ‘ﬂ“ I OQ,Search l @%Custnmize' i

#n_; ‘f\.r #n.r #J'I.r
i F i F
Analog In Analog Out Digital In Digital Out
| %) %] [[%a
PWM Encoder SPI R2C
L
o2 @
UART Onboard

¥ & M

Advanced I/O Utilities Robotics Alg...

NATIONAL
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NI myRIO Express Vls - Configuration

- When an Express VI is placed on the block diagram, a

configuration dialog box opens.

This is the Digital
Input Express VI.

More 1/O
channels can be
accessed by
selecting Add
Channel.

View Code allows
you to inspect the

underlying G code ~

that the Express
VI generates

ni.com

i3 Configure Digital Input

Add Channel

hannel

Marne: Digital Input

Custom Channel Name

A/DION (Pin11) [+]

—

| oK

] l Cancel l [

Help

40

Relevant
configuration
options are
shown In this
space.
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NI myRIO Express VIs — G-Code

f the View Code button is selected in the configuration

dialog, LabVIEW will generate a window like this:

3 Configure Digital Input

S|

This window shows the underlying code of the Express VI

Learn more

['—tl Copy to Clipboard ]

N

A/DIO0 (Pin11)

A 4

3 #J'I.F
= b

Digital Input

A/DIOO (Pin11)»

A/DIO1 (Pin 13) +

A/DIO2 (Pin 15) +

o

ni.com

Channel Names

4

g

| A/DIO! (Pin13)

""" s e
errorin (no error) B error out| | A/DIO2 (Pin15)

L oK

41

Copy to Clipboard
allows the user to
copy this code
into their VI if they
want to customize
options
programmatically.
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Design with Familiar
Models of Computation
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LabVIEW

A Highly Productive Graphical Development Environment for Scientists and Engineers

DAQ Assistant
data H

w F v ¥

Deployment Targets

ni.com

FFT
=1 .
T Filter
[
B

Analysis Libraries

=[] == Yalau's R
o olelef .
= e 8 F

[ g o o o |

Technology Abstractions

48

e TEEE——— -
E | — -

-

/1]

'''''

{ o l ' | 111
_-|‘J“ -\Ia‘.‘a‘._. ','.L /'\,‘»QL)J,.U r'r L Al A'. 74 J; /u\-l

Custom User Interfaces

|
{
" [I

Programming Approaches

NATIONAL
INSTRUMENTS




Models of Computation

Data Flow C Code Textual Math Simulation Statechart
P ——— o |
o MAN - S 1c=0285+0013i
. 2 X Y] = meshgrid(x, v);
e Jz=X+1*Y;
| i 4for k=1:30
4 5 z=z"2+¢;
) _
n R e v tmes
™
Desktop Real-Time FPGA Microprocessors
=
o
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MmyRIO: what is the operating system?

ZYNQ.

Analogue Input
AXI Bus Analogue Output
Processor FPGA
Digital 1/O
Custom |/O

Single System on Chip

NATIONAL
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NI Linux Real-Time

e

- Unlock the vast Linux ecosystem

</>

Database Code Reuse Connectivity

Raima OpenVPN C/C++ Isshd
MySQL IP Tables Shell Scripting IPv6
SQLite System Logging Python SNMP
MongoDB fail2ban Ruby NTP
CouchDB denyhost Perl netstat
NATIONAL
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NI Linux Real-Time A

- Reuse C/C++ code in and alongside Real-Time applications built with
LabVIEW

@ectivse — [5] manyn]

» Program the processor in C/C++ using Eclipse IDE
A custom distribution of Eclipse is available for FREE download from ni.com

« Examples for NI myRIO provided with download

NATIONAL
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The MathWorks Inc.
software development
environment

MathScript RT - A= -24 o
Vioduls s MATLAB

Control Design & T 40 Simulink®
Simulation Module i
Simulink Coder™

MATLAB® and Simulink® are registered trademarks
of The MathWorks, Inc.

Deploy to Hardware Through
LabVIEW

LabVIEW Real-Time

[ CompactRIO, Single-Board J

RIO, myRIO, PXI or desktop

ni.com
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LabVIEW MathScript RT Module

- Text-based controls, signal processing,

analysis, and math

- 900 built-in functions / user-defined
functions

- Reuse many of your .m file scripts
created with The MathWorks, Inc.
MATLAB® software and others

- Based on original math from
NI MATRIXx software

- A native LabVIEW solution

ni.com

- Interactive and programmatic
interfaces

- Does not require 3-party software
- Enables hybrid programming
- Works w/ LabVIEW Real-Time

54
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The MathWorks Inc.
software development
environment

MathScript RT - A= -24 o
Vioduls s MATLAB

Control Design & T 40 Simulink®
Simulation Module i
Simulink Coder™

MATLAB® and Simulink® are registered trademarks
of The MathWorks, Inc.

Deploy to Hardware Through
LabVIEW

LabVIEW Real-Time

CompactRIO, Single-Board
RIO, myRIO, PXI or desktop

ni.com
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LabVIEW Control Design & Simulation

- Complete simulation and real-time
implementation capability - stay in one

environment from design to test to

implementation

-E_asily create parallel and multirate - =
simulation or control loops, /everage B o e
multicore 48

- Custom user interface to change and
observe parameters as simulation or
control system Is running

- Use VIs or programming structures “ e 2
inside or outside of simulation loops: 5

- Integrated design and simulation,
batch simulation

. DAQ, RIO, Vision, or CAN for I/O S S
ni.com 57 "ﬂ:?'}.l'!?ll:ﬂAElNTS



Your Turn.

Exercise 3
Control System Design with NI myRIO
We have provided a simple Pl control algorithm. You will...

a. [20mins] Create a transfer function to
simulate a simple 15t order plant (RC circuit)

b. [Bbmins] Deploy the control algorithm and
transfer function to myRIO

c. [30mins] Move from simulation to the real
world, to control a physical RC circuit 5 5

NATIONAL
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Introduction to LabVI
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FPGA Technology
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FPGAs are Dataflow Systems
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FPGAs are Dataflow Systems

Implementing Logic on FPGA: F = {{A+B)CD} @ E

ni.com

LabVIEW FPGA Code
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FPGAs are Parallel Dataflow Systems
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LabVIEW FPGA vs.  VHDL

66 Pages ~4000 lines

/0 with DMA
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Why Are FPGAs Useful? B>

- True Parallelism -
Provides parallel tasks and pipelining

- High Reliability o
Designs become a custom circuit

- High Determinism o
Runs algorithms at deterministic rates down to 25 ns
(faster In many cases)

- Reconfigurable o N
Create new and alter existing task-specific
personalities

NATIONAL
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LabVIEW FPGA: How does it work?

~ Xilinx ISE
- Compiler

LabVIEW VI

LabVIEW
FPGA

LabVIEW
FPGA

NATIONAL
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Resources and Next Steps
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ni.com/myrio

= \ . '
."'lb

5’

LEDs & switches DC gear motors/encoders RFID reader kit
7-segment display H-bridge driver Numeric keypad
Potentiometer Accelerometer LED matrix
Thermistor Triple-axis gyro Digital potentiometer
Photo resistor Infrared proximity sensor Character LCD
Hall effect Ambient light sensor Digital temp sensor
Microphone/Speaker Ultrasonic range finder EEPROM
Battery holder Compass
DC motor Hobby servo motors

NATIONAL
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NI myRIO

Project Essentials Guide

¥
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C Support for NI myRIO — ni.com/myrio/c-support

In?}'ml ) _ _ Contact Us | D) United States

My Profile  MyMI MNotifications  Parts List "= Cart

Home > Developer Zone > Tutorial > C Support for NI myRIO

C Support for NI myRIO

Publigh Date: Jun 18, 2013 | 0 Ratings | 0.00 out of 5| E] PDF | Submit vour review | @ﬁ

Overview
NI myRIO is an embedded hardware device designed specifically to help students design rg

*Processor Programming
quickly and affordably than ever before. NI myRIO is based on NI reconfigurable IO (RIO) teq .
program both a processar running a real-time O3S and a customizable FPGA. In addition to P E C | I S e | D E
processoris fully programmable in C or C++ using the default shipping personality placed o p
using only the LabVIEW FPGA Module. Follow the steps below to start programming the MI
*C/C++ Support
1. Install the Eclipse integrated development environment (IDE) and compile tools.
2. Download and install the LabVIEW for myRIO Module. This module provides you with th Y Fre e

well as some software utilities, which offer useful information about your device.

3. Download the MI myRIO C Examples and Documentation. The NI myRIO C examples al
supported if you use the tools provided in Step 1.

4. Connect power to the NI myRIC device.
5. Connectthe USB cable from NI myRIO to your development computer.
6. The NI myRIO USB Monitor appears and displays the IP address of the NI myRIO device
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NI myRIO

NI myRIO

Featuring National Instruments Industry-standard reconfigurable 1/0 (RIO) technology, NI myRIO pl

students, With Its onboard devices, seamless software experience, and library of courseware and t

One semester

NI myRIO Troubleshooling Guido:The NI myRIO Traubleshooting Guide provides quick steps
NI myRIO General Questions:This document pravides snswers to commonly asked question
Lab Administrators Guide (This guide Is to assist Lab Administrators in setting up the NI myRIC

NI myRIO Project Essentials:This gulde breaks down communication, operation, and prograr

Have suggestions or feedback about content on this site:
Email = NimyRIO@nl.com
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